Despite growing evidence that bariatric/metabolic surgery powerfully improves type 2 diabetes (T2D), existing diabetes treatment algorithms do not include surgical options.
Several gastrointestinal (GI) operations, including partial gastrectomies (1, 2) and bariatric procedures ( Fig. 1) (3) (4) (5) , promote dramatic, durable improvement of type 2 diabetes (T2D). Given the magnitude and rapidity of the effect of GI surgery on hyperglycemia, along with experimental evidence that rearrangements of GI anatomy similar to those in some bariatric procedures directly affect glucose homeostasis (6) , GI interventions have been suggested as a treatment for T2D (7) .
In 2007, the delegates from the 1st Diabetes Surgery Summit (DSS-I), an international consensus conference, reviewed available clinical and mechanistic evidence and recommended expanding the use and study of GI surgery to treat diabetes, including for individuals with only mild obesity (5, 8) . In the ensuing years, the concept of "metabolic surgery" or "diabetes surgery" has become widely recognized in academic circles, and, accordingly, most major worldwide bariatric surgery societies have changed their names to include the word "metabolic" (9) .
Since DSS-I, a substantial body of additional evidence has accumulated, including from numerous randomized clinical trials (RCTs), demonstrating that bariatric/ metabolic surgery achieves superior glycemic control and reduction of cardiovascular risk factors in obese patients with T2D compared with various medical/lifestyle interventions (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . Further research on mechanisms of action of these procedures (5, 6, (26) (27) (28) (29) (30) (31) (32) (33) (34) has corroborated evidence in animal studies demonstrating an important role for the GI tract in glucose homeostasis (35) , providing a biological rationale for the use of GI-based interventions to treat T2D. Available data, based predominantly on modeling studies, suggest that bariatric/metabolic surgery is also cost-effective, especially in patients with diabetes (36, 37) .
On the basis of this mounting evidence, several international professional organizations and government agencies have recently suggested expanding the indications for bariatric/metabolic surgery to include patients with inadequately controlled T2D and BMI as low as 30 kg/m 2 , and down to 27.5 kg/m 2 for Asians (8, 9, 38, 39) . However, whereas obesity guidelines by national and international societies and government agencies recommend the use of bariatric surgery in individuals with T2D (9, 40) , clinical guidelines for diabetes care paradoxically provide little or no mention of a role for surgical interventions for T2D, even in patients with severe obesity (41). Despite the growing popularity of this topic in scientific communities (9) and the media (42) , most diabetes care providers and patients are still inadequately informed about the indications, benefits, and potential risks of surgical treatments for diabetes. Moreover, insurance reimbursement policies for bariatric/metabolic surgery continue to reflect only body weight-centric criteria and do not include diabetes-related metrics or costeffectiveness. Consequently, access to surgery for patients with diabetes is not adequately prioritized. In fact, no existing treatment algorithm for T2D includes a role for surgical intervention.
Using surgery as a diabetes intervention, however, implies conceptual and practical differences from the traditional practice of bariatric surgery for obesity. For instance, the criteria currently used to select candidates for bariatric/metabolic surgery do not include metrics of metabolic disease severity, predictors of success of treatment, or an evaluation of risks and benefits of surgery as contrasted to those of alternative diabetes treatment options. In addition, preoperative diagnostics, perioperative management, and postoperative follow-up of traditional bariatric surgery are not consistent with the need to identify and monitor diabetes-related parameters and complications. Furthermore, there are no strategies yet for integrating complementary pharmaceutical and surgical therapies to optimize outcomes of diabetes management.
Whereas selection criteria for bariatric surgery have been standardized worldwide for many years through an influential National Institutes of Health (NIH) consensus statement (43) , that document is now conspicuously outdated, and there is no reference for surgical treatment of diabetes to globally raise the standards of such practice.
Recognizing the need to inform diabetes care providers about the benefits and limitations of metabolic surgery, the 2nd Diabetes Surgery Summit (DSS-II) was convened in collaboration with six leading international diabetes organizations: the American Diabetes Association, International Diabetes Federation, Chinese Diabetes Society, Diabetes India, European Association for the Study of Diabetes, and Diabetes UK. The overarching aim of this consensus conference was to review available evidence and to develop global recommendations that integrate medical and surgical therapies in a rational treatment algorithm for T2D. Specific goals included providing guidance for selection of surgical candidates and use of diabetes-specific measures in the preoperative workup and postoperative follow-up of patients.
At the time this article went to press, the DSS-II consensus statements and guidelines had been officially endorsed by 45 leading professional societies across the globe, of which 30 are primarily medical (diabetes, endocrinology, and gastroenterology) and 15 are primarily surgical organizations (Table 1) . Additional medical and scientific societies are currently considering endorsing these results as well.
These recommendations reflect currently available data and will need to be updated as new evidence is developed in the future.
Here we report the methods for DSS-II, the resulting recommendations, and their supporting evidence.
Executive Summary
T2D is associated with complex metabolic dysfunctions, leading to increased morbidity, mortality, and cost. Although population-based efforts through lifestyle interventions are essential to prevent obesity and diabetes, people who develop this disease should have access to all effective treatment options.
Given its role in metabolic regulation, the GI tract constitutes a clinically and biologically meaningful target for the management of T2D.
A substantial body of evidence has accumulated, including numerous, albeit mostly short/ midterm RCTs, demonstrating that metabolic surgeryddefined here as the use of GI surgery with the intent to treat T2D and obesitydcan achieve excellent control of hyperglycemia and reduce cardiovascular risk factors.
Although additional studies are needed to further demonstrate long-term benefits, there is now sufficient clinical and mechanistic evidence to support inclusion of metabolic surgery among antidiabetes interventions for people with T2D and obesity.
Complementary criteria to the sole use of BMI, the traditional criterion used to select candidates for bariatric surgery, need to be developed to achieve a better patient selection algorithm for metabolic surgery.
Metabolic surgery should be a recommended option to treat T2D in appropriate surgical candidates with class III obesity (BMI $40 kg/m 2 ), regardless of the level of glycemic control or complexity of glucose-lowering regimens, as well as in patients with class II obesity (BMI 35.0-39.9 kg/m 2 ) with inadequately controlled hyperglycemia despite lifestyle and optimal medical therapy.
Metabolic surgery should also be considered to be an option to treat T2D in patients with class I obesity (BMI 30.0-34.9 kg/m 2 ) and inadequately controlled hyperglycemia despite optimal medical treatment by either oral or injectable medications (including insulin).
All BMI thresholds should be reconsidered depending on the ancestry of the patient. For example, for patients of Asian descent, the BMI values above should be reduced by 2.5 kg/m 2 .
Metabolic surgery should be performed in high-volume centers with multidisciplinary teams that understand and are experienced in the management of diabetes and GI surgery.
Ongoing and long-term monitoring of micronutrient status, nutritional supplementation, and support must be provided to patients after surgery, according to guidelines for postoperative management of bariatric/metabolic surgery by national and international professional societies.
Metabolic surgery is a potentially cost-effective treatment option in obese patients with T2D. The clinical community should work together with health care regulators to recognize metabolic surgery as an appropriate intervention for T2D in people with obesity and to introduce appropriate reimbursement policies.
METHODS

DSS-II Partners and Selection of Voting Delegates
The DSS-II organizing committee and the partner diabetes organizations tasked a multidisciplinary group of 48 international authorities to develop a set of evidence-based recommendations. This DSS-II Expert Committee included scholars representing diabetology, endocrinology, internal medicine, cardiology, gastroenterology, primary care, nutrition, and surgery, including official representatives of partner diabetes organizations (Table 2) . To ensure maximum scholarship, voting delegates were chosen entirely from academicians, with no representatives from industry. To further minimize potential conflicts of interest, nonsurgeons were purposefully overrepresented (75%) and were complemented by academic surgeons with relevant publication records. Two independent, nonvoting moderators/adjudicators developed and administered questionnaires for the Delphi process and chaired the faceto-face meeting of voting delegates (vide infra).
Methods for Collection and Evaluation of Evidence
Criteria used for evidence searching were based on methods used in previous consensus development conferences and systematic reviews of evidence (44, 45) , adapted to serve the DSS-II objectives. We used a highly selective, diabetesfocused approach (only level-1 evidence from RCTs) to assess comparative effectiveness of surgery versus nonsurgical therapies for T2D and to compare the glycemic effects of different operations. A broader evidence base was used (RCTs plus high-quality observational studies) for matters such as durability of glycemic control, surgical safety, and cardiovascular disease (CVD) risk reduction. Economic implications of bariatric/metabolic surgery were assessed using available studies of cost-effectiveness and systematic reviews with specific reference to patients with T2D. Questions for evidence assessment included the following: 1) long-term effects of surgery on glycemic control in patients with T2D; 2) effectiveness of surgery compared with medical/lifestyle interventions on glycemic control; 3) comparative effectiveness of different procedures on T2D; 4) effects of surgery on microvascular complications of diabetes, CVD risk, CVD events, and mortality; 5) short-and long-term surgical safety; and 6) comparative safety profile of different operations.
MEDLINE from 1 January 2005 through 15 June 2015 was searched to generate the first draft of the consensus document. New evidence published by 30 September 2015 was available for discussion in faceto-face DSS-II meetings and is incorporated into this document, using the same inclusion/exclusion criteria for evidence evaluation as in the initial draft.
Studies considered to appraise the evidence included RCTs and observational studies (case-control and case-series), as appropriate for specific questions (vide infra). For both RCTs and observational studies, only reports documenting at least 1-year follow-up and with 80% retention at 2 years and 70% beyond 2 years were included. These criteria are adapted from the methods of recent systematic reviews of bariatric surgery (46). 
Descriptors of Level of Evidence
Herein we use standard level of evidence (LoE) descriptors, defined as follows: IA, evidence from meta-analysis of RCTs; IB, evidence from at least one RCT; IIA, evidence from at least one controlled study without randomization; IIB, evidence from at least one other type of quasi-experimental study; III, evidence from nonexperimental descriptive studies (e.g., comparative, correlation, or case-control); IV, evidence from expert committee reports, opinions or clinical experience of respected authorities, or both.
Consensus Development Process
After review and appraisal of evidence, two independent moderators developed online Delphi-like questionnaires (47, 48) to measure the degree of consensus for a set of statements and recommendations that were believed to summarize and reflect available evidence. For each of these, we sought to achieve consensus, defined as agreement by a supermajority ($67%) of voting delegates, consistent with other medical consensus conferences (49 Table 1 ). The document with conclusions reached by the experts underwent a final review by DSS voting delegates and was then submitted to the appropriate committees and executive boards of partner organizations for formal approval ( Table 1) .
Grade of Consensus
We used a supermajority rule to define consensus. Consistent with other studies (8, 50) , consensus was considered to have been reached when $67% of the experts agreed on a given topic. However, language was iteratively modified to maximize agreement, and the degree of consensus for each statement was graded according to the following scale: grade U 5 100% agreement (unanimous); grade A 5 89-99% agreement; grade B 5 78-88% agreement; grade C 5 67-77% agreement (Table 3) . This grading scale is meant to indicate statements that reflect unanimous or near-unanimous opinions (grade U and grade A), strong agreement with little variance (grade B), or a consensus statement that reflects an averaging of more and possibly extremely diverse opinions (grade C). We report here both the grade of consensus and the exact percentage of agreement for each statement.
SUMMARY OF EVIDENCE: CLINICAL AND BIOLOGICAL RATIONALE FOR SURGICAL TREATMENT OF T2D Evidence Supporting Surgical Treatment of T2D
The GI tract is an important contributor to normal glucose homeostasis (35) , and mounting evidence, especially over the past decade, has demonstrated benefits of bariatric/metabolic surgery to treat and prevent T2D (3, 5, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (51) (52) (53) . Beyond inducing weight loss-related metabolic improvements, some operations engage mechanisms that improve glucose homeostasis independent of weight loss (6), such as changes in gut hormones, bile acid metabolism, microbiota, intestinal glucose metabolism, and nutrient sensing (5, 6, (26) (27) (28) (29) (30) (31) (32) (33) (34) . Bariatric/ metabolic surgery confers sustained favorable effects on glycemiadup to 20 years in one observational study (52)dalthough benefits can decrease over time, with or without weight regain (3, 51, 52, (54) (55) (56) .
Data from a growing number of recent RCTs in patients with T2D (10-25), including mainly individuals with BMI $35 kg/m 2 (the most commonly used threshold for traditional bariatric surgery) as well as some patients with BMI ,35 kg/m 2 (range 25-35 kg/m 2 ), consistently demonstrate superior efficacy of bariatric/metabolic surgery in reducing weight and lowering glycemia compared with a variety of medical/ lifestyle interventions (LoE IA) ( Fig. 2A) . Although the antidiabetes benefits of surgery often wane over time, the relative superiority of surgery over medical/ lifestyle interventions in RCTs is similar throughout a range of 1-5 years (Fig. 2B ).
Our analysis of these trials shows a median HbA 1c reduction of 2.0% for surgery versus 0.5% for conventional therapies (P , 0.001) (Figs. 2C and 3A) . Each of the 11 existing surgery-versus-medicine/lifestyle RCTs reported greater HbA 1c reduction following surgery (Figs. 2C and 3B ). In all of these trials, final HbA 1c in the surgical groups was near 6.0%, regardless of the level of baseline HbA 1c (Fig. 3C) . However, the majority of these RCTs have only examined 1-to 2-year results, and only a handful of them have examined results for 3-5 years.
Several classic "bariatric" operations cause T2D remissionddefined as achieving nondiabetic HbA 1c levels off all diabetes medicationsdin a majority of cases For each study, the OR is shown with its 95% CI. The pooled Peto ORs (95% CI) for all data were calculated under the assumption of a fixed-effects model. Weights represent inverse variance of ORs (or mean differences [MDs] ) and provide an indirect measure of the relevance of each study within the meta-analysis, as a function of individual study size and variance. B: Forest plot of the trials depicted in Fig. 2A , with data arranged in order of increasing length of follow-up. C: Forest plot of MDs of HbA 1c serum levels after bariatric/metabolic surgery compared with medical/lifestyle treatments in published RCTs related to diabetes. Data are arranged in order of increasing follow-up time. Negative MDs denote lower HbA 1c levels following surgery than medical/lifestyle treatment. Data for each study are shown as the MD with its 95% CI. A random-effects model was used to calculate the pooled standardized MD. Glyc. Endp., glycemic end point; mo, month; SG, sleeve gastrectomy.
(LoE IA) ( Fig. 2A ). Numerous RCTs with postoperative follow-up ranging between 1 and 5 years have consistently documented sustained diabetes remission in 30-63% of patients (LoE IB) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . Available data suggest an erosion of diabetes remission over time: 35-50% or more of patients who initially achieve remission of diabetes eventually experience recurrence. However, the median disease-free period among such individuals with Rouxen-Y gastric bypass (RYGB) is 8.3 years (52, 56) . With or without diabetes relapse, the large majority of patients who undergo surgery maintain substantial improvement of glycemic control from baseline for at least 5 (LoE IB) (20) to 15 (LoE IIA) (52, (55) (56) (57) (58) (59) years.
Baseline duration of diabetes (e.g., .8 years) (LoE IB) (19) , use of insulin, and poorer glycemic control (LoE IIA) are consistently associated with lower rates of diabetes remission and/or higher risk of recidivism (19, 52, 58) . Baseline visceral fat area may also help to predict postoperative outcomes, especially among Asian patients with T2D, who typically have more visceral fat compared with Caucasians with diabetes of the same BMI (60) .
Beyond improving glycemia, bariatric/ metabolic surgery has been shown to confer additional health benefits in RCTs, including greater reductions compared with medical/lifestyle interventions in other CVD risk factors (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , and enhancements in quality-of-life measures (LoE IB) (15, 19, 20) . Improvements in other critical outcomes, such as micro-and macrovascular complications of diabetes, CVD, cancer, and death, have been observed only in nonrandomized studies (LoE IIA) (3, 52, 57, (61) (62) (63) (64) (65) .
Small retrospective analyses and a recent prospective multicenter nonrandomized study (LoE IIA) (66) suggest that bariatric/metabolic surgery may induce similar benefits in obese adolescents with T2D. Teenagers appear to experience similar degrees of weight loss, diabetes remission, and improvement of cardiometabolic risk factors for at least 3 years after surgery (66) . No randomized trials, however, have yet compared the effectiveness and safety of surgery to those of conventional treatment options in adolescents.
Available data from economic analyses, albeit predominantly based on modeling Fig. 3A . In trials where more than one type of surgery was studied, each operation is displayed separately, compared with the medical/lifestyle group. C: Dot plot comparing baseline with final HbA 1c levels following surgery in each of the 11 RCTs displayed in Fig. 3A. studies, support cost-effectiveness of bariatric/metabolic surgery, especially in patients with T2D (37) . Cost per qualityadjusted life-year (QALY) of bariatric/ metabolic surgery in general is approximately $3,200-$6,300, well below the range of $50,000/QALY deemed appropriate for coverage (36, 67) . In a U.S. study of obese patients, RYGB had incremental cost-effectiveness ratios (ICERs) of $7,000/QALY for newly diagnosed diabetes and $12,000/QALY for established diabetes (68) 
A long-term assessment of health care costs in subjects enrolled in the Swedish Obese Subjects (SOS) study was performed according to diabetes status at baseline, providing a comparison of drug-related and total health care expenditure for patients who undergo bariatric surgery versus matched control participants over 15 years (37) . Drug costs were lower for the surgery patients who started with prediabetes ($3,329 less per patient) or diabetes ($5,487 less per patient). Although total health care costs for the surgery group were higher for patients with euglycemia or prediabetes, there was no difference between the surgery and conventional treatment groups for patients with diabetes at baseline. These findings further support the economic value of bariatric/ metabolic surgery, specifically in patients with obesity and T2D. There are, however, several limitations of economic studies in this field, warranting further research (vide infra).
Safety of Bariatric/Metabolic Surgery
Procedures used in bariatric/metabolic surgery are characterized by distinct anatomic rearrangements (Fig. 1) . This implies differences in technical complexity, mechanisms of action, clinical outcomes, and safety profiles. Safety of bariatric/metabolic surgery also varies across hospitals and surgeons. Empirical data suggest that proficiency of the operating surgeon is an important factor determining mortality, complications, reoperations, and readmissions (70) .
Safety of bariatric/metabolic surgery in general has improved significantly over the last two decades, with continued refinement of minimally invasive approaches (laparoscopic surgery), enhanced training and credentialing, and involvement of multidisciplinary teams. Mortality rates with bariatric/metabolic operations are typically 0.1-0.5%, similar to cholecystectomy or hysterectomy (71) (72) (73) (74) (75) . Morbidity has also dramatically declined with laparoscopic approaches. Major complications rates are 2-6%, with minor complications in up to 15% (71) (72) (73) (74) (75) (76) (77) (78) (79) , comparing favorably with other commonly performed elective operations (75) .
There are, however, still complications of surgery that may require reoperations and rehospitalizations. A recent multicenter study showed early reoperation and readmission rates after laparoscopic operations of 2.5% and 5.1% for RYGB, versus 0.6% and 2.0% for laparoscopic adjustable gastric banding (LAGB), versus 0.6% and 5.5% for vertical sleeve gastrectomy (VSG), after a median 3-year follow-up (76) . Long-term studies (.5 years) demonstrate low rates of reoperation after most bariatric/metabolic procedures except LAGB, which is associated with removal or revision rates of .20% over 5-10 years (72, (77) (78) (79) . Biliopancreatic diversion (BPD), classic type or duodenal switch (BPD-DS), is the most complex procedure, requires longer operative time, and is associated with the highest perioperative mortality and morbidity rates (80) . Compared with RYGB, BPD results in more surgical complications and greater incidence of GI side effects (81), as well as nutritional deficiencies (20) (LoE IB).
Long-term nutritional and micronutrient deficiencies with related complications, such as anemia, bone demineralization, and hypoproteinemia, may occur with variable frequency depending on the type of procedure, requiring lifelong vitamin/nutritional supplementation (82, 83) . Iron deficiency after bariatric surgery, with or without clinical anemia, has been observed in 5-64% of adults (84) . One study reported iron deficiency in up to 50% of operated adolescents (66) . Of note, iron deficiency has been observed in up to 44% of adults prior to bariatric surgery (85) . Hence, differences in baseline iron status may explain the large variability in reported rates of postoperative iron deficiency.
Nutritional complications, as well as bone demineralization, are more likely with intestinal bypass operations, particularly BPD (20) , and less common/ severe with standard RYGB, LAGB, and VSG. Risk of bone fractures after surgery is unclear. One retrospective cohort study showed no increased fracture risk, whereas another reported a 1.2-fold increase in the surgery versus control groups (86,87). Postprandial hypoglycemia can also occur, especially with RYGB (83, 88) . The exact prevalence of symptomatic hypoglycemia is unknown. In one study, it affected 11% of 450 patients who had undergone RYGB or VSG (88) . Severe hypoglycemia resistant to conservative therapy, however, is rare (89).
Novel Device-Based Interventions for Diabetes
There has recently been increased interest in device-based GI interventions designed to reproduce some of the benefits of metabolic surgery. Small human studies have examined numerous approaches, including space-occupying endoluminal devices (90), gastric electrical stimulation (91), duodenal and gastroduodenal endoluminal barriers (92, 93) , and duodenal mucosal resurfacing (clinical trial reg. no. NCT01927562, clinicaltrials.gov). Preliminary short-term results show variable degrees of efficacy, depending on the device, in improving glycemic and metabolic control in patients with obesity and T2D. Because of limitations in sample size and/or relatively short-term follow-up of existing studies, however, the current LoE for these devices was not yet deemed sufficient for formal recommendation.
Knowledge Gaps
Available RCTs do not allow an assessment of the relative role of surgery versus conventional therapies in many clinical scenarios, including the longterm effects of the most commonly performed current procedure (VSG), or of the effectiveness of surgery in different stages of disease severity. Factors predicting glycemic control after surgery are incompletely characterized, and there is insufficient evidence from RCTs to clearly define cutoffs in diabetes duration and/or laboratory markers that could quantitatively predict the success of treatment over time. Although it is likely that major glycemic improvements and/or prolonged diabetes remission after bariatric/ metabolic surgery lead to reductions in diabetes-related complications, data regarding micro-and macrovascular events, cancer, and mortality can be extrapolated only from nonrandomized trials (3, 52, 57, (61) (62) (63) (64) (65) 94) . There are no available long-term RCTs directly comparing surgery versus modern pharmacological therapies with diabetes complications or CVD events as primary end points, or with sufficient size, duration, and completeness of follow-up to conclusively determine the effects of surgery on these hard outcomes. Such trials, which are clearly warranted, should ideally be randomized, with adequate power and follow-up to examine microvascular and CVD outcomes as primary end points.
Although long-term safety and efficacy of metabolic surgery have been demonstrated in several studies (20, 52, (55) (56) (57) (58) (59) , investigations with follow-up beyond 5 years are limited. This is particularly relevant for some procedures such as VSG because of their relatively recent introduction into clinical practice. Further evaluation of long-term outcomes of bariatric/ metabolic surgery, particularly in comparison with available alternative treatments of diabetes, should be pursued. The surgeon's experience appears to influence outcomes (70) , and there is a need to identify effective strategies for assessing the expertise of teams/centers providing metabolic surgery to increase standardization of outcomes across hospitals and geographic areas.
There is also limited evidence regarding the appropriate frequency of monitoring of nutritional status and the effectiveness of different types and dosage of nutritional and vitamin supplementations. The exact prevalence and causes of severe hypoglycemia after bariatric/metabolic surgery remain unknown (89); hence, studies investigating the best means of preventing and treating this condition are warranted.
There is a paucity of studies investigating the role of multimodality therapy with integration of pharmaceutical and surgical treatment to optimize outcomes of diabetes management. In particular, little is known about the role of complementary postoperative lifestyle and pharmaceutical interventions to increase and maintain diabetes remission or enhance glycemic control and lower the risk of diabetes complications.
Although available data suggest that metabolic surgery may be as effective in adolescents as in adults (66), there is presently no level-1 evidence to assess the effectiveness of surgery compared with conservative treatment in this population. In particular, there are minimal long-term data regarding the safety of metabolic surgery and the potential negative impact of nutritional deficits on growth.
Although preliminary clinical evidence for some device-based GI interventions is promising, appropriate RCTs with adequate end points, sample size, and follow-up are necessary for formal consideration of such approaches in the treatment algorithm for T2D. Studies should investigate the role of these approaches in specific clinical scenarios, alone or in combination with medications and/or lifestyle interventions, and their potential value to predict surgical outcomes (e.g., screening of surgical candidates).
Although most studies suggest a significant positive economic impact of bariatric/metabolic surgery, especially in patients with T2D, current evidence has limitations. Most assessments of the economic impact of bariatric/metabolic surgery derive from modeling studies rather than from direct measurements of economic costs from clinical trials.
Modeling studies are prone to risks of overestimating cost-savings because they make assumptions about the durability of clinical benefits from metabolic surgery. For instance, weight regain and diabetes relapse have not been properly accounted for in many economic analyses. Variations in nonsurgical treatments of obesity and diabetes, plus costs across different types of payers (private versus public) and across countries, also are likely to determine different levels of return on investment. Uncertainty also exists about the costeffectiveness or savings of bariatric/ metabolic surgery for patients with lower BMIs. On the other hand, most studies so far examined patients receiving bariatric surgery primarily for severe obesity and with a relatively low prevalence of diabetes; these studies might underestimate economic value of surgery because cost-effectiveness appears to be greater in obese patients with diabetes at baseline compared with those without diabetes (37) . Additional cost-effectiveness studies of specific metabolic surgery procedures in different clinical scenarios, and based on RCT data, would greatly facilitate the decision-making process of policymakers determining insurance coverage for surgical treatment of T2D.
Finally, although numerous physiological consequences of GI operations appear to contribute to the antidiabetes and weight-reducing benefits of bariatric/ metabolic surgery (5, 6, 26, (28) (29) (30) (31) (32) (33) (34) , the exact mechanisms mediating diabetes remission after various procedures are not fully known. Studies designed to further elucidate these mechanisms represent an important research priority. Such knowledge holds promise to inform decisions regarding the choice of procedures for individual patients, to optimize surgical design, and hopefully to provide targets for novel devicebased and/or pharmaceutical approaches to T2D.
STATEMENTS AND RECOMMENDATIONS
(See Table 3 .)
Metabolic Surgery Versus Traditional Bariatric Surgery
Although obesity and T2D are often associated with one another, T2D is a disease entity with significant heterogeneity that presents distinct challenges for clinical care. Therefore, the traditional model of bariatric surgery practice, which is shaped around the goal to induce weight loss and treat severe obesity, is not consistent with the principles and standards of modern diabetes care. A few examples below provide an idea of the conceptual and practical ramifications of using a disease-specific model of care when surgery is used specifically to treat T2D.
Offering GI surgery with the primary intent to treat T2D, instead of just as a weight reduction therapy, can influence the demographic characteristics and baseline disease states of patients who elect to undergo surgery. Patients choosing bariatric surgery are typically young, predominantly female, with relatively low prevalence of T2D for their BMI (3, 4, 95) . In contrast, a study comparing patient populations in a "metabolic surgery" program versus a traditional "bariatric surgery" program within the same academic center showed that despite being similarly obese, patients who sought metabolic surgery were older, were more often male, and had more severe T2D and CVD at baseline (95) . Although not surprising, these differences can significantly influence the outcomes of surgery (e.g., rates of diabetes remission/ control, cost-effectiveness, etc.), and they have important ramifications for all aspects of patient care. These implications, rather than the BMI of the target population, represent the fundamental distinction between bariatric and metabolic surgery, necessitating the development of a new, disease-based model of practice.
Traditional bariatric surgery is primarily conceived of as an intervention that reduces the risk of future disease (i.e., to prevent metabolic or CVD complications of severe obesity) rather than as an approach to treat established disease. Such (mis)conception is reflected in the fact that most guidelines and criteria for coverage of bariatric surgery today make no recommendation for early intervention and often delay access to surgery. However, T2D is a progressive disease associated with increased risk for CVD and microvascular complications. Furthermore, evidence shows that metabolic improvement following surgery in patients with T2D correlates with shorter diabetes duration at baseline, possibly reflecting more preserved b-cell function (19, 52, 96) . This suggests that unnecessarily delaying access to surgery might reduce health benefits and cost-effectiveness of surgery in patients with diabetes. Moreover, existing criteria used for coverage of bariatric surgery are of low relevance for metabolic surgery. For example, because BMI is not a standard diagnostic parameter or a measure of severity of T2D, using BMI thresholds as stand-alone criteria for metabolic surgery does not allow health care providers to appropriately select candidates for such operations or to define criteria for prioritization of this type of approach.
Defining Goals and Success of Metabolic Surgery
The loss of 50% of excess body weight (a somewhat arbitrary metric) is considered to be a successful outcome of traditional bariatric surgery. T2D, however, describes a continuum of hyperglycemic states, is a heterogeneous disorder, and is associated with complex metabolic dysfunctions that increase CVD risk, as well as morbidity and mortality. Thus, it is necessary to define meaningful definitions of goals and successful treatment when surgery is used with the primary intent to treat T2D. Because even temporary (months to years) normalization of glycemic control or major long-term improvement of glycemia without remission confers potential benefits for patients with T2D, remission of diabetes, although desirable, should not be regarded as the only goal of metabolic surgery or the only measure of success. The success of metabolic surgery needs to be defined in the larger context of comprehensive diabetes care plans. Metabolic surgery should be considered a means to achieve the glycemic control necessary to reduce risk of microvascular complications and CVD. To date, no high-quality (RCT) data have directly demonstrated reductions in microvascular complications or CVD events, compared with standard therapy.
An ADA expert panel in 2009 defined partial and complete remission of T2D as achievement of HbA 1c ,6.5% and ,6.0%, respectively, off all diabetes medications, and maintenance of these glycemic levels for at least 1 year (97). Although these definitions have helped to improve standardization of reporting outcomes, their applications in routine clinical practice and research are problematic. The DSS delegates felt that remission as currently defined should not be considered to be the sole clinical benefit justifying metabolic surgery usage, especially since remission requires removal of all diabetes medications, and metformin is often used in individuals without diabetes. Furthermore, complementary pharmaceutical therapies such as metformin should not be discontinued simply to meet the definition of remission, and metformin as well as ACE inhibitors and statins should be maintained as needed to sustain adequate glycemic control and prevent diabetes complications. Additional studies are warranted to identify more reliable biological and/or clinical markers for an exact definition of remission and/or cure in diabetes.
Patient Selection
Patient selection for metabolic surgery should be based on balancing surgical and other long-term risks with potential long-term benefits to individual patients, as with any operation (Fig. 4) . This trade-off needs to take into account factors such as baseline CVD risk due to metabolic disease and hyperglycemia that do not adequately respond to nonsurgical treatments, as well as conditions that could contraindicate any elective operation, such as prior abdominal surgery, risk of anastomotic dehiscence, or risks of deep vein thrombosis and pulmonary embolism.
In addition, preoperative indicators other than BMI should be established to make patient selection for metabolic surgery diabetes relevant. There are no data showing that baseline BMI predicts metabolic surgery success. Instead, strong evidence indicates that preoperative BMI, at least within the obese range, does not predict the benefits of GI surgery with regard to diabetes prevention (51,57), remission (11, 20, 52, 53, 56, 98, 99) , relapse after initial remission (20) , or the magnitude of its effects on CVD events (62, 100) , cancer (61), or death (LoE IIA) (51, 53, 56, [61] [62] [63] 98) . Of note, a recent meta-analysis of all studies reporting diabetes remission rates following bariatric surgerydincluding 94,579 surgical patients with T2Ddshowed that the rate of remission was equivalent among the 60 studies in which mean preoperative BMI was $35 kg/m 2 compared with the 34 studies with mean preoperative BMI ,35 kg/m 2 (71% versus 72%, respectively) (98) . Overall, the surgical value seems to be more related to improved glucose homeostasis than weight loss per se (11, 12, 51, 54, 55, (61) (62) (63) .
Although baseline BMI per se does not predict outcomes in metabolic surgery, available evidence, including all existing RCTs, is based on studies that have included BMI ranges among their primary criteria for eligibility. The number of patients with BMI ,35 kg/m 2 in such studies is also limited. Inevitably, and until additional studies identify more robust predictors of outcomes, BMI ranges remain necessary to select patients who might benefit from metabolic surgery, based on extant data. However, additional diabetes-specific parameters should help to identify clinical scenarios where surgical treatment of T2D should be prioritized. 
Choice of Procedure
The choice of surgical procedure should be based on evaluation of the risk-tobenefit ratio in individual patients, weighing long-term nutritional hazards versus effectiveness on glycemic control and CVD risk.
It is too early to establish a gold standard operation for metabolic surgery because of the paucity of RCTs comparing surgical procedures head-to-head. However, available RCTs and nonrandomized studies specifically designed to compare different procedures against relapse than does the general population. Thus, until surgery-specific predicting factors of diabetes relapse are better developed, patients should continue to be monitored by primary care physicians, endocrinologists, and internal medicine specialists as appropriate and have regular postoperative screening for development and/or progression of microvascular complications of T2D (e.g., retinopathy, nephropathy, and neuropathy). Because sudden improvement of prolonged hyperglycemia can acutely worsen microvascular disease, particularly intensive early postoperative monitoring is warranted in patients known to be afflicted (Table 3) .
Future Research
The DSS delegates identified the following arenas for future research in metabolic surgery: 
